and species composition of the sites relate to local variations in abiotic conditions, such as salt spray, sand movement, as well as human impacts.
MATERIALS AND METHODS
The study was carried out in the Phuket Islands and Songkhla Province (Figure 1) . The Phuket Islands are located between 8°07' and 7°53' N latitude and between 98°19' and 98°24'E longitude; they face the Andaman Sea. In Phuket, there are two national-park beaches (Nai Yan and Mai Khao Beach), and two resort beaches (Kamala and Karon Beach). Songkhla is located at 7°12'N latitude and 100°03'E longitude, and faces the South China Sea. In Songkhla, there are a resort beach (Sai Kaeo Beach) and two recreation beaches for Thai citizens only (Chalatat and Samila Beach). Climatic data (temperature, relative humidity, sunshine duration, wind speed, rainfall) and Kira's (1977) Warmth Index are shown in Table 1 . The two regions have similar climate conditions, except for rainfall, which is between 2317 to 2504mm in Phuket, but only 2035mm in Songkhla. The dry season is from October to April, and the wet season is from May to September.
Species composition at the study sites was studied using the phytosociological method (Braun-Blanquet, 1964; Fujiwara, 1987) At the sites, the following data were collected: width of sand dune, distance from the shoreline, elevation, beach type, beach management type (e.g. beach cleaning), seawater salinity, slope, aspect, micro-topography and the amount of cleaning by manpower and mowing, (4) beach cleaning by manpower, mowing and burning. A handheld refractometer (Bellingham Stanley Inc) was used to measure seawater salinity. Soil texture was classified as follows based on grain diameter: fine gravel, above 2.0mm in diameter; coarse sand from 2.0 to 0.2mm; fine sand, from 0.2 to 0.02mm; and silt, under 0.02mm. The amount of discarded garbage in each quadrat was classified as follows: ( ) under 1%, (1) under 5%,
under 25%, (3) under 50%, (4) under 75% and (5) above 75%. Species' life forms were categorized into dormancy forms based on Raunkiaer (1934) and Numata (1947) . Plants were classified as annuals (therophyte: Th), perennials (chamaephyte:
Ch, hemicryptophyte: H, geophyte: G), dwarf shrubs (nanophanerophyte: N), shrubs (microphanerophyte: M), or sub-canopy trees (mesophyte: MM).
The sites were shown to have similar species composition, based on the Bray-Curtis method (1957) . To create a diagram we calculated the percentage of similarity of Sørensen (PS) and the percentage of distance (PD) and applied the equations to the Bray-Curtis method, where PS = xi and yi represent the appearance ratio of each species (i) to the number of research quadrats on x and y study beaches; and
The relationships between species composition and environmental factors, including human activities, were clarified using Canonical Correspondence Analysis (CCA) (ter Braak, 1986 (ter Braak, , 1994 (ter Braak, , 1995 . Before the CCA was carried out, we excluded the correlated factors in order to reduce co-linearity. The independent variable was the total cover estimate of each species on each quadrat, and dependent variables were site conditions and environmental factors, including human impacts.
RESULTS

Beach characteristics
There Table 2) .
Similarity among sites, based on species composition and dormancy forms
The similarity in site species composition (Bray-Curtis method) and the occurrence frequency ratio of species as a percentage of all quadrats among sites are shown in Figure 2 and Three axes were extracted by CCA analysis. The totals of the axes 1, 2 and 3 were 36.6%, 23.7% and 19.5%. Eigen values for axes 1, 2 and 3 were 0.555, 0.361 and 0.296, respectively. Correlations between axes and six factors are shown in Table 4 . With axis 1, seawater salinity and wind speed had a positive relationship but silt rate and rainfall had a negative relationship. Beach management type (pressure) showed a negative relationship with axis 2. There were no significant factors for axis 3. Generally, coastal species, except for Casuarina equisetifolia and Lepturus repens, showed thalassochory ( Table 3) . Most of these species exist from tropical to subtropical regions, including the Okinawa Islands of south-western Japan. Ridley Score of the study sites based on species composition. Score of the study sites based on species composition. The number of study sites Proportion of dormancy forms in the study sites (Nakanishi, 1987) . Crinum asiaticum var. japonicum reaches Chiba Prefecture in central Japan, at 35°44'N latitude, its northern limit (Koshimizu, 1938) . On the other hand, although most regional species of the two regions (Phuket and Songkhla) also showed thalassochory, a significant distinction was found based on species composition. We concluded that some species were confined to either Phuket or Songkhla, because they face different seas, the Indian Ocean or Gulf of Thailand, respectively. Many maritime strand-forest species, which are sensitive to sand, damaged by strong wind and have high water requirments, occurred at Phuket, but could not settle at Songkhla (Table 1, 3) . There were many weed species at Songkhla, but there were no significant distinction among the weeds, planted or ornamental species of the two regions. Hewett (1985) and Jungerius et al. (1995) stated that grazing and mowing were the most important factors changing floral species diversity in North Wales and the Netherlands. It was found that coastal species were significantly reduced by soil compaction due to trampling and off-road vehicles (Godfrey & Godfrey, 1980) , and in Hokkaido, northern Japan, species diversity declined with decreasing plant cover (Matsushima et al., 2000) . In Thailand, abandoned beaches with no beach cleaning or mowing, such as Nai Yan, Mai Khao and Karon, showed high proportions of coastal species. Many weed species, however, appeared on beaches with active beach management, i.e. at Chalatat and Kamala Beach (Table 1) . Thus, it was found in this study that the diversity of coastal plants is enhanced by discontinuing beach cleaning and mowing. Table 3 shows species at beaches with very little or no management and much accumulated garbage (Nai Yan, Mai Khao and Karon might be indicators for wind-beaten, dry conditions. There were many shrubs (microphanerophytes) and sub-canopy trees (mesophytes) at Sai Kaeo Beach, due to burning and cutting. It was suggested that regeneration of maritime strand-forest species could be seen in open areas created by burning and cutting. Therefore, it was concluded that most coastal plants were replaced by secondary vegetation due to the impact of human activities, such as beach cleaning and mowing, as was reported in other publications (Godfrey & Godfrey, 1980; Hewett, 1985; Jungerius et al., 1995) . Figure 3 shows the wide life-form spectra (dormancy forms) among the sites. Regional patterns appeared for both dormancy type and species composition. We concluded that: 1. The nanophanerophyte proportion at Nai Yan, Mai Khao and Karon Beaches in Phuket was lower than at Samila, Chalatat and Sai Kaeo Beaches in Songkhla and at Kamala Beach in Phuket, because the site was stable (anthropogenic influences were stopped). Thus nanophanerophytes will be replaced by microphanerophytes and mesophytes; and 2. The geophyte proportion at Phuket increased to a level comparable with Songkhla, because, although Phuket has lower rainfall than Songkhla (Table 1) , geophyte species with dormant buds deep in the ground are able to access groundwater. The proportion of chamaephyte was highest at Mai Khao Beach, because human had impacted this area the least. Chamaephyte species with resistant buds above ground increase.
